Impact of fishmeal replacement with Arthrospira platensis on growth performance, body composition and digestive enzyme activities of the freshwater prawn, Macrobrachium rosenbergii  by Radhakrishnan, S. et al.
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a  b  s  t  r  a  c  t
In this  study,  we  assessed  the  suitable  level  of replacement  of ﬁshmeal  with a blue  green  microalga,
Arthrospira  platensis  in  feed  for the  post  larvae  (PL)  of  the  freshwater  prawn,  Macrobrachium  rosenbergii
by  evaluating  the  growth  performance,  prawn  proximate  composition,  feed  utilization  parameters  and
the activity  of  digestive  enzymes.  The  prawns  were  fed 5  different  diets:  a  control  diet  and  4 different
diets  containing  A.  platensis  at various  levels  such  as  25%,  50%,  75%,  100%.  These diets  were  fed  to the  PL
for  90  days  in  triplicates.  The  growth  performance  in  terms  of  weight  gain,  speciﬁc  growth  rate  and  feed
efﬁciency  ratio  were  found  signiﬁcantly  (P < 0.05)  higher  in  the  prawns  fed  with  the  50% of A. platensis  feed
fed  group.  At this  level  of  50%  replacement,  the  prawn  proximate  composition,  such  as  total  protein,  amino
acids,  carbohydrates  and  lipid contents  were  signiﬁcantly  (P <  0.05)  higher  than  the  control.  Similarly,
feed  utilization  parameters,  such  as feeding  rate,  absorption  rate  and  conversion  rate  were  signiﬁcantlyiochemical
mino acids
(P  < 0.05)  higher  than  the control.  Added  to  that,  the  activity  of  the  digestive  enzymes  such  as  protease,
amylase  and  lipase  showed  the same  trend  at the  level  of 50%  replacement.  The  hierarchy  of  the  growth
performance  in prawns  corresponds  to 50 >  25  > 75  > 100%  replacement  of  ﬁshmeal  with  A. platensis.  These
results  concluded  that  a partial  replacement  of  the ﬁshmeal  with  A.  platensis  at the  level  of 50%  is beneﬁcial
for  the growth  of  prawn  M. rosenbergii.
© 2015  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND. Introduction
The giant freshwater prawn, M acrobrachium rosenbergii known
s ‘scampi’ in commercial parlance, is a highly valued delicious
ood and commands a very good demand in both domestic and
xport market. M.  rosenbergii culture is gradually gaining momen-
um in the present era owing to its price, taste, fast growth rate,
ess susceptibility to diseases and its compatibility to grow with
arps (New, 2005; Radheyshyam, 2009). It has a wide distribution
hroughout the Indo-Paciﬁc region and most favoured for farming
n tropical and subtropical areas of the world (New, 2002, 2005).
his freshwater prawn is farmed chieﬂy in small to medium-sized
arthen ponds in West Bengal, Andhra Pradesh, Tamil Nadu and
erala in India (Nair and Salin, 2012). Chand et al., 2015 reported
∗ Corresponding author.
E-mail addresses: drradhakrishnanss@gmail.com, drsrk@uaeu.ac.ae
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352-5134/© 2015 The Authors. Published by Elsevier B.V. This is an open access article 
/).license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
and suggested that salinity plays a signiﬁcant role in the culture
of M. rosenbergii and the species showed satisfactory growth and
survival at wide salinity range (0–15 ppt) and M.  rosenbergii can be
considered as an ideal species to promote. Global production of this
prawn has increased from 130,689 t in 2000 to 203,211 t in 2011
(FAO, 2013). The total scampi production from India in 2010–2011
was about 8778 metric tonnes and West Bengal was the leading
producer. In 2011–12, India exported 2723 metric tonnes M.  rosen-
bergii with an increase of 31.61% than the previous years (MPEDA,
2011).
Paralleling the growth of the aquaculture industry, there has
been an expansion in feed production (Tacon and Savas, 2000). Fish-
meal (FM) as well as other marine meals are often included in the
aquatic feeds as they are considered to be the excellent sources of
high quality proteins, highly unsaturated fatty acids (HUFA), vita-
mins, minerals and attractants (Tacon and Akiyama, 1997; Gatlin
et al., 2007; Tacon and Metian, 2008; Naylor et al., 2009). Due to
these properties, FM has become one of the primary components
of commercial feed formulations. Although, worldwide FM produc-
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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ion has attained a relatively stable level, it still could not match
he rapid worldwide development of aquaculture (Goytortua-Bores
t al., 2006). Due to the limited supply of ﬁshmeal and oil from wild
atches, the efﬁcient use and sharing of these products is a major
ssue for the aquaculture industry (Kaushik and Troell, 2010; Tacon
nd Metian, 2009). The ﬁsh in-ﬁsh out ratio (FIFO) is the efﬁciency
t which the aquaculture converts a weight-equivalent unit of wild
sh into a unit of cultured ﬁsh. Aquaculture converts 65% of the wild
sh into ﬁshmeal at a FIFO ratio of between 0.66 (Jackson, 2009;
aushik and Troell, 2010) and 0.7 (Tacon and Metian, 2008). How-
ver, as a result of decreasing the supply of ﬁshery byproducts and
arious concerns over its quality, the aquaculture industry is now
ctively investigating the alternative protein sources to be added
o the feed.
The need for alternative protein sources to ﬁshmeal has brought
ttention to many products that are local or regional in nature
Nyina-wamwiza et al., 2012), including single cell proteins, such
s yeasts, bacteria, and microalgae (Mukhopadhyay and Ray, 1999;
g et al., 2002; Skrede et al., 2002; Bairagi et al., 2004; Refstie
t al., 2005; Hemaiswarya et al., 2011). In order to be used in
quaculture, a micro algal strain has to meet various criteria, such
s ease of culturing, lack of toxicity, high nutritional value with
orrect cell size and shape and a digestible cell wall to make
utrients available (Raja et al., 2004; Patil et al., 2007). Protein
nd vitamin content is a major factor determining the nutritional
alue of microalgae. In addition to it, Polyunsaturated fatty acids
PUFA) e.g. eicosapentaenoic acid (EPA), arachidonic acid (AA) and
ocosahexaenoic acid (DHA) content is of major importance for
n aquaculture organism. Different strategies were being practiced
o improve the polyunsaturated fatty acids content in microalgae
Guedes et al., 2010). Also, the crude protein extracts of microal-
ae rich in amino acids, including the essential amino acids (EAA)
soleucine, leucine, lysine, methionine, phenylalanine, and valine
Becker, 2007; Uslu et al., 2011; Mahboob et al., 2012). It is often
dvised to use mixed microalgae cultures in order to have a good
rotein proﬁle, adequate vitamin content and high polyunsaturated
attyacids, mainly EPA, AA and DHA, as they are considered to be
ssential for the survival and growth during the early stages of life of
any marine animals (Volkman et al., 1989). One of the beneﬁcial
ffects attributed to adding algae is an increase in ingestion rates
f food by marine ﬁsh larvae which enhance the growth and sur-
ival as well as the quality of the larvae of Hippoglossus hippoglossus
Naas et al., 1992). In addition, the presence of algae in rearing
anks of European sea bass larvae has been shown to increase the
igestive enzyme secretion (Cahu et al., 1998). The green algae
aematococcus pluvialis, (Yuang and Chen, 2000), Chlorella zoﬁn-
iensis (Bar et al., 1995) and C. vulgaris (Gouveia et al., 2003; Gouveia
nd Rema, 2005) are used as dietary carotenoid sources for ﬁsh
nd shrimp species. The marine algae Nanofrustulum (MAP) and
etraselmis (MAP8) used as alternative feed source and noted the
etter improvement in the body carcass composition on Atlantic
almon (Salmo salar), common carp (Cyprinus carpi) and white leg
hrimp (Litopenaeus vannamei)  (Kiron et al., 2012). Also, the ﬁsh-
eal replacement with A. platensis, C. vulgaris and Azolla pinnata
iet improved the antioxidant status in M.  rosenbergii post larvae
Radhakrishnan et al., 2014).
Spirulina, (A. platensis) is a blue-green alga (Cyanobacterium,
amily Oscillatoriaceae), which is gaining more attention from
edical scientists as a nutraceutical and source of potential
harmaceuticals (Kapoor and Mehta, 1994). In 1974, the United
ations World food conference declared Arthrospira as “the best
or tomorrow” and it has gained popularity in recent years as a
ood supplement (UNWFC, 1975). Basically, Arthrospira consists of
5–70% protein and 5–6% lipid (w/w dried cell). Polyunsaturated
atty acids (PUFAs) constitute 1.5–2% of the total lipid content of
his alga. In fact, it is rich in -linolenic acid (36% of the totalure Reports 3 (2016) 35–44
PUFAs), vitamins, essential minerals, antioxidants, carotenoid pig-
ments and enzymes (e.g. lipase) (Belay, 2002; Desai and Sivakami
2007; Demir and Tukel, 2010). Also, Arthrospira induces the activ-
ity of immune system. It builds up both the cellular and humoral
arms of the immune systems and thus improving their ability
to function inspite of stresses from environmental toxins and
infectious agents (Hayashi et al., 1994; Qureshi et al., 1995), nat-
ural biochelated vitamins, especially -carotene (Seshadri et al.,
1991) and an antioxidant enzyme superoxide dismutase (SOD), S.
fusiformis possess potent antiviral activity (Hayashi et al., 1996),
anti cancer effects (Mittal et al., 1999), strengthens immune system
(Qureshi et al., 1995, 1996) and signiﬁcantly reduce the nephro-
toxicity (Sharma et al., 2007). In aquaculture, The administration of
hot-water extract of A. platensis via injection, and immersion routes
was reported to enhance the immunity of white shrimp L. van-
namei and its resistance to V. alginolyticus and environmental stress
(Tayag et al., 2010; Lin et al., 2010), regulate the antioxidant status
in M. rosenbergii and L. vannamei (Lin et al., 2010; Radhakrishnan
et al., 2014), increase the carotenoids and heamato-immunological
parameters decrease the stress in Oncorhynchus mykiss (Teimouri
et al., 2013; Yeganeh et al., 2015) and improve the health status
of Oreochromis niloticus (Ibrahem and Ibrahim, 2014). Therefore,
the biomass of this rich source of nutrients play a vital role in feed
and food additives in the agriculture, food, pharmaceuticals, and
perfumery industries (Hoseini et al., 2013). The present study was
conducted to evaluate the suitable level of replacement of ﬁshmeal
with A. platensis in diets fed to M.  rosenbergii postlarvae (PL), and
to assess the growth promotion, nutritional and energy utilization
parameters, biochemical constituents and digestive capability of M.
rosenbergii PL.
2. Materials and methods
2.1. Prawns
The postlarvae of M. rosenbergii (PL 15) were purchased from
the Government prawn hatchery (Thrissur, Kerala) and were safely
brought to the laboratory in well-oxygenated plastic bags. They
were stocked in a large cement tank (1.83 × 1.22 × 0.91 m) and were
allowed to acclimatize for 2 weeks to the laboratory conditions.
During this period, the prawns were fed with boiled egg albumin
(egg custard), Artemia nauplii and crumble feed (purchased from
Rosen ﬁsheries, Thrissur, Kerala) alternatively twice a day. The
animals were maintained at natural photoperiods and the room
temperature was maintained at 25 ◦C ± 2 ◦C.The maintenance pro-
cedures such as removal of excreta and unused feed, renewal of
three fourth of the water were conducted daily. The acclimatization
tank was  adequately aerated.
2.2. Arthrospira platensis culture
The A. platensis pure culture was collected from Spirulina pro-
duction research and training centre Kadachanendal, Madurai,
Tamil Nadu, India.
2.2.1. Inoculation of A. platensis
Inoculation of the microalgae A. platensis was done by adding
100 ml  of the microalgae mother culture to 900 ml  of Spirulina
medium (Schlosser, 1994) and the cultures were incubated for 15
days at 24 ± 1 ◦C in a thermo-statically controlled room. The room
was illuminated with cool inﬂorescence lamps (Phillips 40 W,  cool
daylight 6500 K) at an intensity of 2000 lux in a 12:12 h light dark
regime.
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Table  1
Proximate composition of experimental feed ingredients.
Ingredients Proximate composition (%)
Protein Lipid NFE Ash Moisture Fiber
Fishmeala 64.5 5.1 3.73 21.3 8.3 0.6
Groundnut oil cakeb 46.9 6.5 35 5.5 8.5 5.4
Soybean mealb 43.6 1 30 6.1 8.4 5.5
Wheat branb 10.8 2.5 40.8 3 10.6 9.7
Tapioca ﬂourb 2.1 0.2 77.9 2.2 13.5 3.8
Sunﬂower oilb – 99% – – – –
Egg  albuminb 10.6 0.1 0.28 1 87 –
*Vitamin mixc – – – – – –
Arthrospira platensisd 62.1 4.8 17.3 8.9 6.4 0.5
NFE: nitrogen free extract. *Becosules capsules (each capsule contains): thiamine mononitrate (IP):10 mg;  riboﬂavin (IP): 10 mg;  pyridoxine hydrochloride(IP): 3 mg;  vitamin
B12 (as tablets 1:100) (IP): 15 mcg; niacinamide (IP):100 mg;  calcium pantothenate (IP): 50 mg;  folic acid (IP): 1.5 mg; biotin USP (IP): 100 mcg; ascorbic acid (IP): (150 mg).
Source:  FAO (2009).
a Ingredients purchased from Rosen ﬁsheries, Marathakkara, Thrissur, Kerala, India.
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c Ingredients purchased from Aruna Medicals, Maruthamalai, Coimbatore, Tamil 
d Ingredients purchased from Cultured in Crustacean Biology laboratory, Departm
.2.2. Culture of A. platensis
The plastic culture troughs were cleaned well, ﬁrst with bleach
nd rinsed with distilled water. Then the troughs were allowed to
ry under the sun for 8 h. Later, the troughs were used to mix  the
ure nutrient media (N-8) in 25 L of tap water (Vonshak, 1986).
hen the nutrient media was inoculated with 1 L mother culture
f A. platensis. The troughs were vigourously aerated to provide
equired quantity of oxygen and to maintain cells and media under
uspension. The required concentration of algae had developed
fter 30 days of inoculation. Then the troughs were kept open
ompletely to the outdoor light exposure. A constant temperature
f 25–30 ◦C was maintained throughout the growth period. Later,
he culture was ﬁltered using a nylon fabric cloth which had the
esh size between 40 and 60 m.  The ﬁltered algae were dried in
 thermostatic hot air oven to remove the water content. The dried
lgal sample was powdered in an electric pulvalizer and sieved in
 60 m mesh.
.3. Feed ingredients and preparation
The feed grade ﬁshmeal powder was purchased from Rosen ﬁsh-
ries, Thrissur, Kerala, India. The other basal feed ingredients such
s soybean meal, groundnut oil cake, wheat bran, binding prop-
rties (egg and tapioca ﬂour) and sunﬂower oil were purchased
rom a local store, Coimbatore, Tamil Nadu, India. The vitamin mix
apsules were purchased from a medical shop, Coimbatore, Tamil
adu, India (Table 1).
As a ﬁrst step, the basal ingredients namely ﬁshmeal, sun-
ried soy meal, groundnut oil cake and wheat bran were ground
eparately using a micro pulvelizer and sieved through a 60 m
esh. The powdered and sieved feed ingredients were weighed
ut and mixed thoroughly in 5 different ratios for preparing ﬁve
ifferent diets (1 control ﬁshmeal diet and 4 different diets con-
aining microalgae A. platensis at various levels such as 25%, 50%,
5%, and 100%). The blends were cooked in a pressure cooker for
5 min  at 95–100 ◦C and were allowed to cool at room temperature.
he cooked blends were mixed with the replacement material (A.
latensis at various concentrations), vitamin tablets (1%), sunﬂower
il (2%), egg albumin and tapioca ﬂour (12%) for binding and then
0% of boiled water was added and blending well (5 min) until the
ixture achieves a dough consistency. The dough was pelletized in
 manual pelletizer ﬁxed with 3 mm diameter and the pellets were
ollected in aluminium trays. Then the feeds were dried in a ther-
ostatic hot air oven (Microsil INDIA, Universal Lab Product Co.,
hennai, India) until the moisture content was reduced below 10%.
he dried feed pellets were visually examined for their physicaldia.
 India.
f Zoology, Bharathiar University, Coimbatore, Tamil Nadu, India.
appearance, such as uniformity, colour and fragrance. The chem-
ical composition of the ingredients has been provided in Table 1
and the weight of the ingredients and prepared feed proximate
composition were provided in Table 2.
Analysis of crude protein, moisture, lipid and ash content of the
formulated feed was  performed according to the standard AOAC
(1995) procedures. Dry matter was  determined by drying the feed
at 105 ◦C until a concordance was  obtained. Ash content was deter-
mined by burning the feed in a mufﬂe furnace at 525 ◦C for 12 h.
Crude protein level (N × 6.25) was  analyzed by the Kjeldahl method
after acid digestion (KELPLUS-KES 04 LR with automatic digestion
system, Pelican Equipments, Chennai, India). Crude lipid content
was analyzed by the Soxhlet method. The formulated feed gross
energy was determined by using the Oxygen Bomb Calorimeter
(230 VAC; Sl. No. 26036; Advance Research Instrument Company,
New Delhi, India).
2.4. Experimental setup
Macrobrachium rosenbergii (PL-30; 15.60 ± 2.90 mm  and
2.20 ± 0.39 g kg−1) were used for this experiment. Thirty num-
bers of PL were introduced in a 30 l plastic tank at the rate of
1 PL/l. In each experimental group maintained as triplicate, each
group contains 30 PL × 3 = 90 PL, Totally 90 PL × 5 group = 450 PL
were maintained in separate experimental aquarium for feeding
experiment. A mild aeration was given continuously throughout
the period of experiment. The prawns were fed with ﬁshmeal
feed replaced with 25, 50, 75 and 100% of A. platensis to groups
1–4, respectively. The prawns in group 5 received the control
feed. The experimental groups were fed with their respec-
tive diets, twice daily at 6:00 am and 6:00 pm.  The daily feed
ratio was adjusted to 10% of the body weight of PL throughout
the feeding period. The feeding period was  scheduled for 90
days. In the experimental setup, animals were maintained at
natural photoperiods in the laboratory condition at the room
temperature at 25 ◦C ± 2 ◦C. On the ﬁnal day of the experi-
mental period, the prawns from each group were sacriﬁced
and various analysis were performed as follows:10 PL were
used for analysis of growth and energy utilization parameters
(10 PL × 3 = 30 PL/group × 5= 150 PL); 5 PL for proximate composi-
tion analyses (5 PL × 3 = 15 PL/group × 5 = 75 PL); 5 PL for digestive
enzyme analyses (5 PL × 3 = 15 PL/group × 5 = 75 PL) and 5 PL for
amino acid analyses (5 PL × 3 = 15 PL/group × 5 = 75 PL) Therefore,
totally 375 PLs (150 + 75 + 75 + 75 = 375 PL) were sacriﬁced and
utilized for analyses.
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Table  2
Dietary formulation and proximate composition of experimental diets (g kg−1 DWB).
Ingredients (g kg−1) Control (BI + FM)  Diet-1 (BI + FM75 + R25) Diet-2 (BI + FM50 + R50) Diet-3 (BI + FM25 + R75) Diet- 4 (BI + R100)
Fishmeal 250 187.5 125 62.5 0
Groundnut oil cake 250 250 250 250 250
Soybean meal 250 250 250 250 250
Wheat bran 100 100 100 100 100
Egg  albumin 70 70 70 70 70
Tapioca ﬂour 50 50 50 50 50
Sunﬂower oil 20 20 20 20 20
Vitamin mix  10 10 10 10 10
A.  platensis 0 62.5 125 187.5 250
Proximate composition (g kg−1)
Protein 420.20 412.40 413.80 415.10 414.50
Carbohydrate 204.80 211.40 213.00 224.50 231.10
Lipid  137.00 136.30 134.60 132.00 131.10
Ash  118.60 128.00 133.00 141.30 143.60
Moisture 99.30 92.00 86.30 79.30 74.00
Gross  energy (kJ g kg−1) 11.35 11.64 11.93 12.36 12.50
Leaching and stability of ﬁshmeal replaced formulated diet
Formulated feed (%) 4 h 6 h 8 h 12 h
Fishmeal (control) Leaching 8 10 13 15
Stability 85 82 80 78
25%  A. platensis Leaching 8 11 14 16
Stability 85 81 78 75
50%  A. platensis Leaching 9 12 15 17
Stability 83 79 76 75
75%  A. platensis Leaching 11 13 15 18
Stability 80 77 75 73
100%  A. platensis Leaching 11 14 16 20
Stability 79 77 70 68
B rs.
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(I: basal ingredients; FM:  ﬁshmeal; R: replacement. DWB: dry weight basis; h: hou
.5. Determination of growth parameters
At the end of the feeding trial, the growth parameters such as
urvival rate, weight gain, speciﬁc growth rate, condition factor,
eed conversion rate and feed conversion efﬁciency were individu-
lly determined by following equations:-
urvival Rate (SR,  %) = No. of live prawns
No of prawns introduced
×  100
eight Gain
(
WG, g kg−1
)
= Finalweight (g) − Initialweight (g)
Speciﬁc Growth Rate (SGR,  %)
= log of Final weight (g) − log of Initial weight (g)
No. of days
× 100
ondition Factor (CF, %) = Final weight (g)
Final length3 (cm)
× 100
eed Conversion Rate (FCR, g) = Feed intake (g)
Weightgain (g)
eed conversion efﬁciency (FCE,  %) = Biomass (g)
Total feed intake (g)
.6. Energy utilization analysis
The energy content of whole prawns, feeds, moult and faeces
ere measured using an Oxygen Bomb Calorimeter (230 VAC; Sl.
o. 26036; Advance Research Instrument Company, New Delhi,
ndia). The energy utilization was calculated using the equa-
ion (C = (P + E) + R + F + U) derived by Petrusewicz and Macfadyen
1970); where, C is the energy consumed; P is the growth; R is thematerial lost as heat due to metabolism; F is the energy lost through
faeces; U is the energy lost through NH3 excretion and; E is the
energy lost through exuvia. The daily excretion of ammonia by the
prawns after feeding was  estimated as per the phenol hypochlorite
method of Solorzano (1969) and Elliot, (1976).
On the 90th day, the morphometric data, such as the ﬁnal length
and weight of all prawns in triplicate were measured. The prawns
were then sacriﬁced and dried in an hot air oven as described
above to estimate the energy content. The food energy consumed
was measured as a difference between the energy content of food
offered and that of the unconsumed food. The quantity of absorbed
food energy was  calculated by subtracting F and U from C. Conver-
sion of growth is the sum of energy channeled to somatic growth
(P) and exuvia (E). The efﬁciency of absorption was calculated by
relating the food absorbed to the food consumed. Feeding rate (FR),
absorption rate (AR), conversion rate (CR) and metabolic rate (MR)
were all calculated by dividing the respective amounts of energy
by initial live weight of the prawn per unit time in days. Following
the estimations of C, F, U, and P, the metabolism (R = respiration,
material lost as heat) was calculated by the following equations.
The benzoic acid was used as a standard for the energy budget
calculations.
Feeding Rate
(
kJ day−1
)
=
Mean Food Consumption
(
kJ day−1
)
Initial live weight of the prawn (g)
Mean Absorption
(
kJ day−1
)
=
Mean Food Consumption
(
kJ day−1
)
Mean Food Excreted as faeces
(
kJ day−1
)Absorption Rate
(
kJ day−1
)
=
Mean Absorption
(
kJ day−1
)
Initial live weight of the prawn (g)
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ean Conversion
(
kJ day−1
)
= Mean weight gain
(
kJ day−1
)
+ Mean exuvial weight
(
kJ day−1
)
onversion rate
(
kJ day−1
)
=
Mean Conversion
(
kJ day−1
)
Initial live weight of the prawn (g)
H3 Excretion Rate
(
kJ day−1
)
=
Mean NH3 Excretion
(
kJ day−1
)
Initial live weight of the prawn (g
etabolic Rate=AR
(
kJ day−1
)
−CR
(
kJ day−1
)
+NH3ER
(
kJ day−1
)
here, AR = absorption rate; CR = conversion rate: ER = excretion
ate.
.7. Body carcass composition analyses
Concentration of total protein was estimated by the method of
owry et al. (1951) using bovine serum albumin as a standard. The
ontent of amino acid was estimated by the method of Moore and
tein (1948), which is based on the deamination reaction under-
one by the extracted amino acids when they were heated with
inhydrine. The resulting purple colour was measured at 540 nm
gainst a blank, with Leusine as a standard. The carbohydrate was
stimated by the method of Roe (1955) using TCA (trichloroacetic
cid) extracted sample. Carbohydrates were hydrolysed into simple
ugars by diluted HCl in a hot acidic medium. Glucose is dehy-
rated into hydroxyl-methyl furfural. This compound reacts with
nthrone and produces green colored product, which was mea-
ured at 630 nm against a blank. Glucose was used as a standard.
otal lipid was extracted with chloroform–methanol mixture fol-
owing the method of Barnes and Blackstock (1973) and estimated
y the method of Folch et al. (1957). Lipid reacts with vanillin in
 medium of H2SO4 and phosphoric acid to form a pink coloured
hromogen, which is proportional to the lipid content of the sample
nd was measured at 540 nm against a blank. Olive oil was used as
 standard.
.8. Estimation of ash and moisture
Known amount of wet tissue sample was taken individually on
reviously weighed concave glass and they were kept in a desicca-
or, maintaining 0.5% relative humidity. The tissues were dried in
he desiccator till they reached a constant weight. Then the dried
aterials were transferred individually in silica crucible and kept
n a mufﬂe furnace (Universal Lab Product Co., Chennai, India) and
eated at 550–600 ◦C for 4 h. Finally the ash formed was weighed
nd calculated by the following equation (APHA, 2005).
oisture (%) = Wet  weight (g) −  Dry weight (g)
Wet  weight (g)
×  100
(%) = Weight of ash (g)
Weight of sample taken (g)
× 100
.9. Analyses of digestive enzymes
Activities of digestive enzymes, such as protease, amylase and
ipase were assayed on initial and ﬁnal day of feeding period. For
hese tests, in each experiment, prawns were sacriﬁced (5 PLs in
ach triplicate) and the whole ﬂesh except eye stalk, appendages
nd exoskeleton was homogenized in ice cold distilled water andre Reports 3 (2016) 35–44 39
centrifuged at 10,000 rpm under 4 ◦C for 20 min. The supernatant
was used as crude enzyme source.
Total protease activity was  determined by the casein-hydrolysis
method described by Furne et al., 2005. The assay buffer consisted
of 0.1 M glycine–NaOH (pH 10.0). The reaction mixture consisted
of casein at 1% (w/v) (0.25 ml), buffer (0.25 ml)  and supernatant
from the homogenates (0.1 ml). The mixture was  incubated for1 h
at 37 ◦C. The reaction was  stopped by adding 0.6 ml  8% (w/v)
trichloroacetic acid solution and kept for 1 h at 2 ◦C, then cen-
trifuged at 1800 g for 10 min. The supernatant obtained was used
to measure the absorbance at 280 nm against blank. For the blank
preparation, the supernatant from the homogenates was added at
the end of the incubation period, just before adding trichloroacetic
acid. Tyrosine solution was used as a standard. One unit of enzyme
activity was deﬁned as the amount of enzyme needed to catalyze
the formation of 1.0 mol  of tyrosine per min.
Amylase activity was determined by the starch-hydrolysis
method of Bernfeld (1955). The reaction mixture consisted of 2%
(w/v) starch solution (0.125 ml), 0.1 M citrate–phosphate buffer at
pH 7.5 (0.125 ml)  and supernatant from the homogenates (0.5 ml).
The mixture was  incubated for 1 h at 37 ◦C. The absorbance was
measured at 600 nm against a blank. For the blank, the supernatant
from the homogenate was  added just after the incubation period.
Maltose solution was  used as standard. One unit of amylase activity
was deﬁned as the amount of enzyme that produced 1.0 mol of
maltose per min.
Lipase activity was  determined following the method of Furne
et al. (2005) by degrading triacylglycerol to free fatty acids. A solu-
tion of 1% polyvinyl alcohol (PVA) and 5 ml  of 0.1 N HCl in 1L of
distilled water was  heated to 75–85 ◦C, cooled, ﬁltered and adjusted
to pH 8.0 with 0.1 N NaOH. Virgin olive oil was added to an aliquot
of this solution obtaining a substrate concentration of 0.1 M.  This
mixture was emulsiﬁed for 5 min. Parallely, Mcllvaine buffer was
prepared from 0.1 M citric acid and 0.2 M disodium phosphate.
A reaction mixture containing PVA solution-emulsiﬁed substrate
(1 ml), Mcllvaine buffer at pH 8.0 (0.5 ml), and supernatant from
the homogenate (0.5 ml)  was  incubated for 4 h at 37 ◦C. Afterwards,
3 ml  of 1:1 ethanol–acetone solution was added to stop the reaction
and break the emulsion. Phenolphthalein in ethanol 1% (w/v) was
added to the reaction mixture and titrated with 0.01 M NaOH. For
the blanks, the same procedure was  followed but boiled enzyme
was used. One unit of lipase activity was  deﬁned as the hydrolysis
of 1.0 microequivalent of fatty acids from triacylglycerols in 1 h at
pH 8.00 and 37 ◦C.
2.10. Amino acid proﬁle analysis
The proﬁles of amino acids of the experimental prawn PL
were performed following the high performance thin layer chro-
matographic (HPTLC) method of Hess and Sherma (2004). The
exoskeleton removed prawns were dried at 60 ◦C for 48 h in a
thermostatic hot air oven, the dried samples were digested with
6 M aqueous hydrochloric acid and dried under vacuum. The pow-
dered sample was dissolved in distilled water and 5 l of sample
was loaded on 8 mm thick pre-coated silica gel 60F254 TLC plate
(20 cm × 15 cm)  and processed in CAMAG-LINOMAT 5 instrument.
The plate was developed in butane–ammonia–pyridine–water
(3.9:1:3.4:2.6) mobile phase. The plate was  sprayed with ninhydrin
reagent prepared in propane-2-ol and dried. The developed plate
was documented using photo-documentation chamber (CAMAG-
REPROSTAR 3) at UV 254 nm and UV366 nm lights. Finally, the plate
was scanned at 500 nm using CAMAG-TLC SCANNER 3. The peak
area of the sample was compared with standard amino acids and
quantiﬁed. Four groups of standard amino acids were also run in
parallel. Group-I: proline, serine, asparagine, glutamine and methi-
onine; Group-II: aspartic acid, glutamic acid, alanine, valine and
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henyl alanine; Group-III: lysine, glycine, threonine, isoleucine and
yrosine; Group-IV: arginine, cystine, histidine, leucine and trypto-
han.
.11. Statistical analyses
The results were expressed as Mean ± SD by using Microsoft
xcel sheet of Windows 2007. Statistical analyses were carried out
y Analysis of Variance (one way ANOVA and subsequently post
oc multiple comparison with DMRT) considered as indicative of
igniﬁcance at P < 0.05, as compared to the control group. All calcu-
ations were performed using SPSS, version 16.0for Windows (SPSS,
ichigan Avenue, Chicago, IL, USA).
. Results
.1. Growth parameters and energy utilization
The growth performance of the prawns, M.  rosenbergii PL fed by
he ﬁshmeal replaced with A. platensis was provided in Table 3. At
nd of the feeding period, the ﬁnal length and weight gain, spe-
iﬁc growth rate, survival rate and feed conversion efﬁciency were
ound to be signiﬁcantly higher (P < 0.05) in the prawns fed with
he ﬁshmeal replaced with 50% A. platensis, followed by the 25%
nd 75% when compared to the control. The feed conversion ratio
nd condition factor showed a reverse trend, which reveals that the
iven feed is well utilized by the prawn PL. There is no signiﬁcant
ifference in the growth performance of the prawns feds with the
shmeal completely replaced with (100%) A. platensis.
The feeding rate, absorption rate and conversion rate were
ound signiﬁcantly higher (P < 0.05) in prawns fed with the ﬁsh-
eal replaced with 50% of A. platensis followed by the 25% and 75%
hen compared to the control diet. The metabolic rate and ammo-
ia excretion rate showed no signiﬁcant difference when compared
o the control group (Table 3).
.2. Body carcass composition and amino acid proﬁle
The biochemical constituents, such as total protein and amino
cid proﬁle were signiﬁcantly (P < 0.05) improved in the prawns
ed with the ﬁshmeal replaced with 50% of A. platensis, followed by
5% and 75% diets when compared to the control group. The car-
ohydrate content showed a signiﬁcance (P < 0.05) improvement
n 50% and 75% A. platensis inclusion diets. But, the lipid content
hows no signiﬁcant difference up to 50% inclusion level of A.
latensis when compared with control (Table 4). Also, the amino
cids lysine, arginine, glycine, asparagine, alanine, glutamic acid,
ysteine, threonine, isoleucine, tyrosine and phenyl alanine were
etected in experimental and control feed fed PL groups (Table 5).
n these amino acids, lysine, arginine, alanine, glutamic acid, cys-
eine, isoleucine and tyrosine were detected in all groups. Glycine
as detected in the control group; asparagine and phenyl alanine
ere detected in 100% ﬁshmeal replacement diet; threonine was
etected in 75% ﬁshmeal replacement diet. Overall, the detected
ssential amino acids were signiﬁcantly (P < 0.05) higher in the
rawns fed with ﬁshmeal replaced with 50% of A. platensis.
.3. Digestive enzymes
The activity of the digestive enzymes, protease and amylase
ere signiﬁcantly higher in the prawns fed with the diet contain-ng 50% of A. platensis followed by the 25% and 75% diets when
ompared to the control. The lipase activity showed a decreas-
ng trend when the composition of microalgae was increased in
he diet. The present digestive enzymes activity were signiﬁcantlyure Reports 3 (2016) 35–44
lower in 100% A. platensis incorporated feed fed group when com-
pared with control. The statistical analysis (DMRT) revealed that
the activities of the enzymes protease and amylase between control
and the experimental diets fed prawns were statistically signiﬁcant
(P < 0.05) (Table 4).
4. Discussion
The use of alternative protein sources in the feed for the crus-
tacean species is commercially important and it reduces the feed
production costs. But, applying the strategies in optimizing the con-
tent of the alternative protein sources in the basal feed, favouring
the growth of the crustaceans is also very essential to give the best
output. In this study, the prawns fed with the feed containing 50% of
the microalgae, A. platensis have signiﬁcantly improved in length,
weight gain, survival and nutritional utilization. Similarly, Hanel
et al., 2007 reported in partial replacement of ﬁshmeal with A.
platensis meal feed fed Paciﬁc white shrimp, L. vannamei had signif-
icantly improved in survival and weight gain. Also, they suggesting
that partial replacement of ﬁshmeal by A. platensis is beneﬁcial for
shrimp culture, because it improves the body pigmentation and
carcass composition without any synthetic addition. (Jaime et al.
(2006) reported, Chaetoceros muelleri replaced with 25% A. platensis
feed fed Litopenaeus. Schmitti larvae had signiﬁcant improvement
in survival, length and weight gain in. Consequently, Ghaeni et al.
(2011) suggested that Arthrospira is a best supplement for shrimp
larval culture; it does improve the signiﬁcant growth and survival
of Peneaus semisulcatus. Also, Chien and Shiau (2005), reported that
A. paciﬁca with various astaxanthin (algae and synthetic) incor-
porated diets fed kuruma prawns, Marsupenaeus japonicas gained
signiﬁcant improvement in growth, survival and stress resistance.
Addition of Arthrospira in the diet of giant freshwater prawn (M.
rosenbergii) signiﬁcantly improved growth, survival and feed uti-
lization regardless of supplementation level in range of 5–20%
(Nakagawa and Gomez-Diaz, 1995). Ibrahim (2013) and Dawah
et al. (2002) found that the addition of microalgae in diets for
ﬁsh improved the growth performance of the ﬁsh Nile tilapia (O.
niloticus). EL-Shake (2012) observed, inclusion of algae in diets for
ﬁsh signiﬁcantly improved the live body weight and SGR. Simi-
larly, The optimum level of partial replacement of ﬁshmeal with
Arthrospira accompanied by various levels of vitamin C incorpo-
rated diet enhanced the feed consumption, weight gain and speciﬁc
growth rate in Carassius auratus (Vasudhevan and James, 2011) and,
in Mekong Giant Catﬁsh Pangasius paucidens (Tongsiri et al., 2010).
Also, in the present study, the energy utilizations parameters like
feeding rate, absorption rate and conversion rate were signiﬁcantly
higher in the group of prawns fed with partial replacement of ﬁsh-
meal with 50% of A. platensis feed when compared with control
group. The similar results were reported in total replacement of
ﬁshmeal by Chlorella vulgaris feed fed M. rosenbergii PL had sig-
niﬁcantly improved the energy utilization (Radhakrishnan et al.,
2015). In this study, the 100% A. platensis incorporated feed showed
very high leaching and poor stability in water, when compared with
other diets (Table 2). Also, it is easily soluble and produces turbid-
ity in experimental aquarium system. May  be due to the reason of
that feed high leaching and low stability decreases the nutritional
utilization and survival in 100% A. platensis diet fed group. Also, the
same trends of results were observed in M. rosenbergii PL fed with
C. vulgaris incorporated feed (Radhakrishnan et al., 2015).
In this study the experimental prawns, which were fed with the
ﬁshmeal replaced with 50% of A. platensis, had shown signiﬁcantly
higher body chemical composition such as, total protein, amino
acid, carbohydrate and lipid than the control and other groups.
This was in coordination with the results of Jaime et al. (2006)
who reported that L. Schmitti larvae,  when fed with A. platensis
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Table  3
Growth, nutritional indices and energy utilization parameters of M. rosenbergii PL fed formulated diets for 90 days.
Tests Parameters Control % of Replacement
(BI + FM75 + R25) (BI + FM50 + R50) (BI + FM25 + R75) (BI + R100)
Morphometric data Length (mm)  Initial 15.60 ± 2.90 15.60 ± 2.90 15.60 ± 2.90 15.60 ± 2.90 15.60 ± 2.90
Final 43.00 ± 3.10d 49.90 ± 4.00bb 55.00 ± 0.20a 51.00 ± 1.00b 45.80 ± 1.50c
Weight (g kg−1) Initial 2.20 ± 0.39 2.20 ± 0.39 2.20 ± 0.39 2.20 ± 0.39 2.20 ± 0.39
Final 18.30 ± 1.00c 24.90 ± 3.00b 27.80 ± 1.60a 23.80 ± 2.50b 16.40 ± 2.30c
Nutritional indices Survival rate (%) 86.66 ± 3.50b 90.00 ± 2.00ab 93.00 ± 2.00a 87.00 ± 3.00b 76.00 ± 2.00c
Weight gain (g kg−1) 16.10 ± 0.70c 22.70 ± 1.20b 25.60 ± 1.30a 21.60 ± 1.40b 14.20 ± 1.80c
Speciﬁc growth rate (%) 0.96 ± 0.15c 1.17 ± 0.13b 1.22 ± 0.18a 1.14 ± 0.15b 0.96 ± 0.10c
Feed intake (%) 66.00 ± 0.12d 83.33 ± 0.35b 86.66 ± 0.45a 80.00 ± 0.39c 62.00 ± 0.42e
Condition factor (%) 1.90 ± 0.14a 2.00 ± 0.19a 1.67 ± 0.16c 1.79 ± 0.1b 2.06 ± 0.12a
Feed conversion rate (g) 1.62 ± 0.09b 1.50 ± 0.1bc 1.47 ± 0.17b 1.66 ± 0.11bc 1.70 ± 0.15a
Feed conversion efﬁciency (%) 2.05 ± 0.17b 2.21 ± 0.11a 2.37 ± 0.14a 2.20 ± 0.12ab 1.95 ± 0.08c
Energy Utilization (kJ day −1) Feeding rate 1.65 ± 0.25d 1.85 ± 0.15b 2.01 ± 0.13a 1.67 ± 0.05c 1.50 ± 0.16e
Absorption rate 1.36 ± 0.17d 1.74 ± 0.16b 1.89 ± 0.11a 1.58 ± 0.09c 1.33 ± 0.18e
Conversion rate 0.88 ± 0.09d 1.21 ± 0.05b 1.33 ± 0.04a 1.11 ± 0.07c 0.88 ± 0.06d
NH3 excretion 0.07 ± 0.01e 0.08 ± 0.01c 0.09 ± 0.01a 0.08 ± 0.01b 0.07 ± 0.01d
Metabolic rate 0.52 ± 0.06c 0.61 ± 0.07ab 0.65 ± 0.04a 0.54 ± 0.08c 0.52 ± 0.01c
Each value is a mean ± SD of three replicates, means with different superscripts letters within each row are statistically signiﬁcant. (BI: basal ingredients; FM:  ﬁshmeal, R:
replacement).
Table  4
Concentration of total biochemical constituents and activities of digestive enzymes of M. rosenbergii PL fed formulated diets for 90 days.
Assays Parameters Control % of Replacement
(BI + FM75 + R25) (BI + FM50 + R50) (BI + FM25 + R75) (BI + R100)
Biochemical constituents (g kg−1 WB)  Protein 575.00 ± 13.60c 610.00 ± 11.30b 678.00 ± 13.10a 632.00 ± 15.80b 552.00 ± 18.60c
Amino acid 311.10 ± 12.40d 390.90 ± 16.30b 420.70 ± 17.00a 353.40 ± 11.40c 272.30 ± 11.10e
Carbohydrate 213.50 ± 12.30c 238.60 ± 08.90b 260.50 ± 02.70a 255.60 ± 05.90a 226.50 ± 06.90bc
Lipid 171.60 ± 03.10a 169.00 ± 02.10a 168.50 ± 02.90a 156.20 ± 04.50b 140.90 ± 06.10c
Ash (%) 12.03 ± 0.15d 12.59 ± 0.22c 13.66 ± 0.24a 13.11 ± 0.19b 12.06 ± 0.31d
Moisture (%) 75.20 ± 1.20a 73.35 ± 1.11ab 72.39 ± 1.17b 74.86 ± 1.23b 74.58 ± 1.16ab
Digestive enzyme activity (U mg−1 protein) Protease Initial 0.39 ± 0.09 0.39 ± 0.09 0.39 ± 0.09 0.39 ± 0.09 0.39 ± 0.09
Final 1.14 ± 0.09bc 1.19 ± 0.08ab 1.27 ± 0.09a 1.22 ± 0.07abc 1.10 ± 0.08c
Amylase Initial 0.27 ± 0.12 0.27 ± 0.12 0.27 ± 0.12 0.27 ± 0.12 0.27 ± 0.12
Final 0.78 ± 0.08c 1.01 ± 0.05b 1.18 ± 0.09a 0.92 ± 0.08bc 0.85 ± 0.07c
Lipase Initial 0.28 ± 0.07 0.28 ± 0.07 0.28 ± 0.07 0.28 ± 0.07 0.28 ± 0.07
Final 0.83 ± 0.08a 0.76 ± 0.07ab 0.70 ± 0.11ab 0.67 ± 0.06b 0.61 ± 0.03c
Each value is a Mean ± SD of three replicates, means with different superscripts letters within each row are statistically signiﬁcant. WB:  wet basis; DWB: dry weight basis.
BI:  basal ingredients; FM:  ﬁshmeal; R: replacement.
Table 5
Concentration of essential amino acids (g kg−1) in formulated diet fed M. rosenbergii PL.
Assigned substance Control % of Replacement
(BI + FM75 + R25) (BI + FM50 + R50) (BI + FM25 + R75) (BI + R100)
Lysinea 9.30 ± 0.21a 8.40 ± 0.15b 9.20 ± 0.10a 8.20 ± 0.14b 7.60 ± 0.17c
Argininea 17.20 ± 0.11b 16.40 ± 0.09c 18.40 ± 0.05a 14.60 ± 0.20d 13.60 ± 0.22e
Glycinea 2.60 ± 0.27 – – – –
Asparaginea – – – – 4.60 ± 0.19
Alanineb 7.00 ± 0.05d 8.60 ± 0.10b 8.60 ± 0.08a 8.20 ± 0.07c 5.60 ± 0.20e
Glutamic acidb 7.00 ± 0.07c 8.60 ± 0.04a 8.60 ± 0.06a 8.20 ± 0.10b 5.60 ± 0.15d
Cysteineb 14.40 ± 0.18c 17.80 ± 0.13a 17.80 ± 0.15a 16.80 ± 0.11b 11.60 ± 0.12d
Threoninea – – – 3.60 ± 0.22 –
Isoleucinea 9.60 ± 0.11b 9.60 ± 0.13b 12.60 ± 0.12a 4.20 ± 0.19c 3.40 ± 0.15d
Tyrosinea 13.80 ± 0.25d 20.40 ± 0.20c 26.40 ± 0.18a 23.60 ± 0.15b –
Phenyl  alaninea – – – – 5.30 ± 0.23
Each value is a mean ± SD of three replicates, means with different superscripts letters within each row are statistically signiﬁcant. BI: basal ingredients; FM:  ﬁshmeal; R:
r
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aeplacement.
a Essential amino acid.
b Non essential amino acid.
ncorporated diet, had signiﬁcantly gained the growth and body
roximate composition. Similarly, Bhavan et al. (2010) noted in
. rosenbergii PL had signiﬁcantly improved the body biochemi-
al composition when fed with a meal containing Artemia nauplii
nriched with Arthrospira.  Shuli and Baoqing (1992) used C. muelleri
nd Arthrospira sp. to feed the larvae of P. orientalis and suggest thatﬁshmeal and Arthrospira are the most suitable proteins for inclu-
sion in their practical diets. In addition, it has been reported that,
the replacement of artiﬁcial diet for postlarvae of abalone, Haliotis
discus discus with Arthrospira sp., gives a good growth performance
(Stott et al., 2004). Abdulrahman and Hamad Ameen (2014), found
that ﬁshmeal replacement with Arthrospira, up to 20%, signiﬁcantly
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mproves the growth, nutritional utilization and body carcass com-
osition in Cyprinus carpio.  It has signiﬁcantly affected the protein
nd lipid contents in whole-ﬁsh body. Also, Hernandez et al. (2012);
eported the possibility of using a mixture of 75% Arthrospira pow-
er and 25% soybean meal to replace 100% ﬁshmeal in diets for
uvenile rainbow trout (O. mykiss). The palatability of Arthrospira
eal in ﬁsh diets can improve the feed consumption which directly
ncreases the growth rate and body carcass composition. It may  be
ue to the reason of, Arthrospira contains a high level of protein
53%) and all the essential amino acids, vitamins and fatty acids, etc.,
James and Sampath, 2004; James et al., 2006). On the other hand,
hanges in the protein and lipid contents in the ﬁsh body could be
inked to changes in their synthesis, deposition rate in muscle and
ifferent growth rates (Kyewalyanga, 2003; Abdel-Tawwab et al.,
006; Karakatsouli, 2012). In the present study, the formulated feed
ith 50% ﬁshmeal replaced by 50% of A. platensis, has signiﬁcantly
ffected the prawn PL, which showed a signiﬁcant improvement in
ody carcass composition. The lipid level was found decreased in
he prawns, fed with the diet containing 75% and 100% of A. platen-
is. This may  be due to the lipid content which was lower in A.
latensis instead with the ﬁshmeal.
Moreover, we found that the activities of digestive enzymes
uch as, protease, amylase and lipase, were found signiﬁcantly
igher in the prawns fed with 50% of A. platensis when compared
o the control group. Similarly, Anand et al., 2013 reported the sim-
lar increment of digestive enzymes, that was noted in Penaeus
onodan fed with peripyton supplemented feed. They also sug-
ested that the diet containing microalgae, stimulated the growth
f beneﬁcial microbes in the digestive tract and the production
f endogenous digestive enzymes by the shrimp. The presence
f microalgae and its components, even at low concentration in
he gut, can trigger the production of digestive enzymes (Reitan
t al., 1993; Sheele, 1993). It has been demonstrated that the con-
umption of the biota present in the farming systems improves the
ctivity of digestive enzymes and physiological status of farmed
quatic animals (Brito et al., 2004). Le Vay et al. (1993), noticed
hat microalgae enhances trypsin activity in Pariibacus japonicas, as
t contain large amounts of free amino acids. However, it is impor-
ant to make distinction between enzymes produced endogenously
y the shrimp and exogenous enzymes synthesized by resident gut
ora (Harris, 1993). Nandeesha et al. (1994, 1998) reported that
he diets with 25%, 50%, 75% and 100% level of ﬁshmeal replaced
ith A. platensis, signiﬁcantly improved the digestive activity in
atla, rohu and common carp mixed culture. Mustafa and Nagakawa
1995) suggested that the algae contribute to an increase in protein
ssimilation and feed utilization. Also it has been proved that, the
iet included with 50% of A. platensis, signiﬁcantly improved the
rotein digestibility in the common carp C. carpio (Umesh et al.,
994).
In the present study, the signiﬁcant level of amino acids was
ound in experimental feed fed M.  rosenbergii PL compared with
he control group. The similar results were found in Arthrospira
nriched with Artemia fed M.  rosenbergii PL (Bhavan et al., 2010).
arcea et al., 2015; reported that Arthrospira (dihe) is a good
aw material for nutritional purpose and it is rich in more than
5 amino acids like thrionine, serine, glutamine, proline, glycine,
lanine, cystine, valine, methionine, isolucine, leucine, tyrosine,
henylealanine, histidine, lysine and arginine. The incorporation
f Arthrospira powder improve the growth of the juvenile trout,
t’s may  be that Arthrospira contains indispensable amino acids
or most ﬁsh species, as reported (Olvera-Novoa et al., 1998; NRC,
011). This agrees with studies of this microalgae as a substitute
or ﬁshmeal in diets for silver sea bream (El-Sayed, 1994), tilapia
Olvera-Novoa et al., 1998), and sturgeon (Palmegiano et al., 2005).
lso, in the present study, the Arthrospira supplemented feed fedure Reports 3 (2016) 35–44
prawns gained the signiﬁcant level of amino acid composition in
body tissue.
As a feed additive, dried algae improve the growth, feed efﬁ-
ciency, carcass quality, and physiological resistance towards stress
and disease in several species of ﬁsh (Mustafa and Nakagawa,
1995). In addition, it has been proved that it is an effective
immune-modulator (Takeuchi et al., 2002). Several studies have
been conducted using dried Arthrospira as a feed supplement (Chow
and Woo, 1990; Watanabe et al., 1990) and A. platensis has been
considered for the partial substitution of microalgae in the feed
for white shrimp L. schmitti protozoans (Jaime et al., 2004). Simi-
larly, El-Sayed (1994) used the ﬁshmeal replaced with Arthrospira
to feed silver sea bream (Rhabdosargus sarba). Hernandez et al.
(2012) suggested that the possibility of using a mixture of 75%
Arthrospira powder and 25% soybean meal to replace 100% ﬁshmeal
in aquaculture had shown beneﬁcial towards growth performance,
the dissolved phosphorus and phosphorus in faeces, and lysozyme
activity.
5. Conclusion
Our results indicate that, A. platensis can be used for the par-
tial replacement of ﬁshmeal protein in aqua feeds. It was  revealed
that the level of 50% A. platensis replacement in the diet can be
signiﬁcantly utilized by M. rosenbergii PL for their growth. At 75%
inclusion level, growth and nutritional utilization was reduced sig-
niﬁcantly, and it has been sharply reduced at 100% inclusion level.
Additionally, such a high inclusion level, showed a decreasing trend
in nutritional indices, survival, body carcass composition and diges-
tive enzyme activity. The prawns fed with the diet containing an
equal composition of ﬁshmeal and A. platensis (50%) showed a sig-
niﬁcant improvement in feed utilization, survival and their carcass
composition. However, the prawns fed with the diet containing
microalgae more than 50% showed an increasing level of leach-
ing and decreasing trend of stability when compared with other
diets. It may  affect the feed utilization, consumption and growth of
experimental group prawn PL, when they were fed with the diet
in which the ﬁshmeal has been replaced above 50%. Therefore, our
study suggests that, 50% replacement of ﬁshmeal by A. platensis in
the diet will be an ideal solution to get a better feed utilization,
growth output and a sustainable culture of M.  rosenbergii PL.
Acknowledgment
The author is very grateful to the University Grants Commission,
New Delhi, India for providing the ﬁnancial support in the form of
UGC-MRP Project fellowship and Research Fellowship in Science for
Meritorious Students (RFSMS) during the period of doctoral study.
References
Abdel-Tawwab, M.,  Khattab, A.E., Ahmad, M.H., Shalaby, A.M.E., 2006.
Compensatory growth, feed utilization, whole body composition and
hematological changes in starved juvenile Nile tilapia, Oreochromis niloticus
(L.). J. Appl. Aquacult. 18, 17–36.
Abdulrahman, N.M., Hamad Ameen, H.J., 2014. Replacement of ﬁshmeal with
microalgae Spirulina on common carp weight gain, meat and sensitive
composition and survival. Pak. J. Nutr. 13, 93–98.
Anand, P.S.S., Kohli, M.P.S., Sujeet, K., Sundaray, J.K., Dam Roy, S., Venkateshwarlu,
G., Archana, S., Pailan, G.H., Sukham, M.K., 2013. Effect of dietary
supplementation of periphyton on growth performance and digestive enzyme
activities in Penaeus monodon. Aquaculture 392–395, 59–68 http://dx.doi.org/
10.1016/j.aquaculture.2013.01.029.
AOAC (Association of Ofﬁcial Analytical Chemists), 1995. Ofﬁcial Methods of
Analysis of Association of Ofﬁcial Analytical Chemists, 16th ed. AOAC,
Arlington, VA.
APHA(American Public Health Association), 2005. Standard Methods for the
Examination of Water and Wastewater, 19th ed. American Public Health
Association, New York.
acultu
B
B
B
B
B
B
B
B
C
C
C
C
C
D
D
D
E
E
E
F
F
F
F
G
G
G
GS. Radhakrishnan et al. / Aqu
airagi, A., Gosh, K.S., Sen, S.K., Ray, A.K., 2004. Evaluation of the nutritive value of
Leucaena leucocephala leaf meal, inoculated with ﬁsh intestinal bacteria
Bacillus subtillis and Bacillus circulans in formulated diets for roho, Labeo rohita
(Hamilton) ﬁngerlings. Aquacult. Res. 35, 436–446.
ar, E., Rise, M.,  Vishkautsan, M.,  Arad, S., 1995. Pigment and structural changes in
Chlorella zoﬁngiensis upon light and nitrogen stress. J. Plant Physiol. 146,
527–534.
arnes, H., Blackstock, J., 1973. Estimation of lipids in marine animals and tissues:
detail investigation of the sulpho-phosphovanillin method for total lipids. J.
Exp. Mar. Biol. Ecol. 12, 103–118.
ecker, E.W., 2007. Microalgae as a source of protein. Biotechnol. Adv. 25, 207–210.
elay, A., 2002. The potential application of Spirulina (Arthrospira) as a nutritional
and  therapeutic supplement in health management. J. Am.  Nutraceut. Assoc. 5,
27–48.
ernfeld, P., 1955. Amylase, alpha and beta. Methods Enzymol., p.149.
havan, P.S., Devi, V.G., Shanthi, R., Radhakrishnan, S., Poongodi, R., 2010. Basic
biochemical constituents and proﬁles of amino acids in the post larvae of
Macrobrachium rosenbergii fed with Spirulina and yeast enriched Artemia. J. Sci.
Res. 2 (3), 539–549.
rito, R., Chimal, M.E., Gelabert, R., Gaxiola, G., Rosas, C., 2004. Effect of artiﬁcial
and  natural diets on energy allocation in Litopenaeus setiferus (Linnaeus, 1767)
and Litopenaeus vannamei (Boone, 1931) early postlarvae. Aquaculture 237,
517–531.
ahu, C.L., Infante, J.L.Z., Peres, A., Quazuguel, P., Le Gall, M.M.,  1998. Algal addition
in  sea bass (Dicentrarchus labrax)  larvae rearing: effect on digestive enzymes.
Aquaculture 161, 479–489.
arcea, M.,  Sorto, M.,  Batello, C., Narducci, V., Aguzzi, A., Azzini, E., Fantauzzi, P.,
Finotti, E., Gabrielli, P., Galli, V., Gambelli, L., Maintha, K.M., Namba, F., Ruggeri,
S.,  Turfani, V., 2015. Nutritional characterization of traditional and improved
dihe, alimentary blue–green algae from the lake Chad region in Africa.
LWT-Food Sci. Technol. 62, 753–763 http://dx.doi.org/10.1016/j.lwt.2014.10.
039.
hand, B.K., Trivedi, R.K., Dubeyb, S.K., Routb, S.K., Bega, M.M., Das, U.K., 2015.
Effect of salinity on survival and growth of giant freshwater prawn
Macrobrachium rosenbergii (de Man). Aquacult. Rep. 2, 26–33, http://dx.doi.
org/10.1016/j.aqrep.2015.05.002.
hien, Y.H., Shiau, W.C., 2005. The effects of dietary supplementation of algae and
synthetic astaxanthin on body astaxanthin, survival, growth, and low dissolved
oxygen stress resistance of kuruma prawn, Marsupenaeus japonicus Bate. J. Exp.
Mar. Biol. Ecol. 318, 201–211.
how, C.Y., Woo, N.Y.S., 1990. Bioenergetics studies on an omnivorous ﬁsh
Oreochromis mossambicus: Evaluation of the utilization of Spirulina algae in
feed. Hirano, R., Hanyu, I. (Eds.), Proceeding of the 2nd Asian Fisheries Forum.
The  Asian Fisheries Society; Manila, pp. 291–294.
awah, M.A., Khater, A.M., Shaker, I.M.A., Ibrahim, N.A., 2002. Production of
Scenedesmus bijuga (Chlorophyceae) in large scale in outdoor tanks and its use
in  feeding monosex Nile tilapia (Oreochromis niloticus) fry. J. Egypt. Acad. Soc.
Environ. Develop. B Aquacult. 2, 113–125.
emir, B.S., Tukel, S.S., 2010. Puriﬁcation and characterization of lipase from
Spirulina platensis. J. Mol. Catal. B-Enzym. 64, 123–128.
esai, K., Sivakami, S., 2007. Puriﬁcation and biochemical characterization of a
superoxide dismutase from the soluble fraction of the cyanobacterium,
Spirulina platensis. World J. Microbiol. Biotechnol. 23, 1661–1666.
lliot, J.M., 1976. Energy losses in the waste products of brown trout, Salmo trutta.
J. Anim. Ecol. 45, 561–580.
l-Sayed, A.M., 1994. Evaluation of soybean meal, Spirulina meal and chicken offal
meal as protein sources for silver sea bream (Rhabdosargus sarba) ﬁngerlings.
Aquaculture 127, 169–176.
L-Shake, M.Z., 2012. Nutritional and Physiological Studies on Fish. LAP Lambert
Academic Publishing AG & Co. KG, Germany.
AO, 2009. In: Tacon, A.G.J., Metain, M.,  Hasan, M.R. (Eds.), Feed Ingredients and
Fertilizers for Farmed Aquatic Animals; Sources and Composition. In Fisheries
and Aquaculture Technical Paper, 540. Food and Agriculture organizations of
the United Nations, Rome.
AO, 2013. Fisheries and Aquaculture Department, Statistical Collections. Online
Query Panels. FAO-FIGIS. Global Aquaculture Production. (FAO-Fisheries and
Aquaculture Information and Statistics Service-16/07/2013) http://www.fao.
org/ﬁgis/servlet/.
olch, J., Lees, M.,  Sloane-stantly, G.H., 1957. A simple method for the isolation and
puriﬁcation of total lipids from animal tissues. J. Biol. Chem. 226, 497–508.
urne, M.,  Hidalgo, M.C., Lopez, A., Garcia-Gallego, M.,  Morales, A.E., Domenzain, A.,
Domezain, J., Sanz, A., 2005. Digestive enzyme activities in Adriatic sturgeon
Acipenser naccarii and rainbow trout Oncorhynchus mykiss. A comparative
study. Aquaculture 250, 391–398.
atlin III, D.M., Barrows, F.T., Brown, P., 2007. Expanding the utilization of
sustainable plant products in aqua feeds: a review. Aquacult. Res. 3, 551–579.
haeni, M.,  Matinfar, A., Soltani, M.,  Rabbani, M.,  2011. Comparative effects of pure
Spirulina powder and other diets on larval growth and survival of green tiger
shrimp, Penaeus semisulcatus. Iran. J. Fish. Sci. 10, 208–217.
ouveia, L., Rema, P., 2005. Effect of microalgal biomass concentration and
temperature on ornamental goldﬁsh (Carassius auratus) skin pigmentation.
Aquacult. Nutr. 11, 19–23.
ouveia, L., Rema, P., Pereira, O., Empis, J., 2003. Colouring ornamental ﬁsh
(Cyprinus carpio and Carassius auratus) with microalgal biomass. Aquacult.
Nutr. 9, 123–129.re Reports 3 (2016) 35–44 43
Goytortua-Bores, E., Civera-Cerecedo, R., Rocha-Meza, S., Green-Yee, A., 2006.
Partial replacement of red crab (Pleuroncodes planipes) meal for ﬁshmeal in
practical diets for the white shrimp Litopenaeus vannamei. Effects on growth
and invivo digestibility. Aquaculture 256, 414–422.
Guedes, A.C., Meireles, L.A., Amaro, H.M., Malcata, F.X., 2010. Changes in lipid class
and fatty acid composition of cultures of Pavlova lutheri, in response to light
intensity. J. Am.  Oil Chemists Soc. 87, 791–801.
Hanel, H., Broekman, D., de Graaf, S., Schnack, D., 2007. Partial replacement of
ﬁshmeal by lyophilized powder of the microalgae Spirulina platensis in paciﬁc
white shrimp diets. Open Mar. Biol. J. 1, 1–5.
Harris, J.M., 1993. The presence, nature, and role of gut microﬂora in aquatic
invertebrates: a synthesis. Microb. Ecol. 25, 195–231.
Hayashi, K., Hayashi, T., Kojima, I., 1996. A natural sulfated polysaccharide, calcium
spirulin, isolated from Spirulina platensis: invitro and exvivo evaluation of
antierpes simplex virus and anti-human immuno-deﬁciency virus activities.
AIDS Res. Hum. Retroviruses 12, 1463–1471.
Hayashi, O., Koloh, T., Ikiwaki, Y., 1994. Enhancement of antibody production in
mice by dietary Spirulina platensis. J. Nutr. Sci. Vitaminol. 40, 431–441.
Hemaiswarya, S., Raja, R., Kumar, R.R., Ganesan, V., Anbazhagan, C., 2011.
Microalgae: a sustainable feed source for aquaculture. World J. Microbiol.
Biotechnol. 27, 1737–1746.
Hernandez, G.F., Luis, H.H.H., Araiza, M.A.F., Lopez, O.A., 2012. Effects of total
replacement of ﬁshmeal with Spirulina powder and soybean meal on juvenile
rainbow trout (Oncorhynchus mykiss Walbaum). Israeli. J. Aquacult. (Bamidgeh)
64, 790–798.
Hess, B., Sherma, J., 2004. Quantiﬁcation of arginine in dietary supplement tablets
and  capsules by silica gel high-performance thin-layer chromatography with
visible mode densitometry. Acta Chromatogr. 14, 60–69.
Hoseini, S.M., Khosravi-Darani, K., Mozafari, M.R., 2013. Nutritional and medical
applications of Spirulina microalgae. Mini Rev. Med. Chem. 13, 1231–1237.
Ibrahem, M.D., Ibrahim, M.A., 2014. The potential effects of Spirulina platensis
(Arthrospira platensis) on tissue protection of Nile tilapia (Oreochromis
niloticus)  through estimation of P53 level. J. Adv. Res. 5, 133–136 http://dx.doi.
org/10.1016/j.jare.2013.03.009.
Ibrahim, N.A., 2013. Effect of the ﬁlter-feeder silver carp on the water quality of
fertilized earthen ponds and Nile tilapia production. Egypt. J. Aquat. Biol. Fish.
17, 69–79.
Jackson, A., 2009. Fish in-ﬁsh out ratios explained. Aquacult. Eur. 34, 5–10.
Jaime,C.B., Villarreal-Colmenares,H., García-Galano, T., Civera-Cerecedo, R.,
Gaxiola-Cortes, G., 2004. Empleo del polvo de Spirulina platensis en la
alimentacion de zoeas y mysis de Litopenaeus schmitti. In Advances en
Nutricion Acuícola VII, Memorias del VII Simposium Internacional de Nutricion
Acuicol, pp. 617–635, Cruz-Suarez, L.E., Ricque Marie, D., Nieto Lopez, M.G.,
Villarreal, D., Scholz, U., Gonzalez, M.G. (Eds.), Hermosillo, Sonora, Mexico.
Jaime, C.B., Hernández-Llamas, A., Garcia-Galano, T., Villarreal, H., 2006.
Substitution of Chaetoceros muelleri by Spirulina platensis meal in diets for
Litopenaeus schmitti larvae. Aquaculture 260, 215–220.
James, R., Sampath, K., 2004. Effect of animal and plant protein diets on growth and
reproductive performance in an ornamental ﬁsh, Xiphophorus helleri.  Indian J.
Fish. 51, 75–86.
James, R., Sampath, K., Thangarathinam, R., Vasudevan, I., 2006. Effect of dietary
Spirulina level on growth, fertility, coloration and leucocyte count in red sword
tail, Xiphophorus helleri.  Israeli J. Aquacult. 58, 97–104.
Kapoor, R., Mehta, U., 1994. Iron bio availability from Spirulina platensis whole egg
and  whole meat. Indian J. Exp. Biol. 30, 904–907.
Karakatsouli, N., 2012. An overview of the use of fatty acids in ﬁsh farming
research during the last decade, with particular emphasis on ﬁsh quality. J.
World Aquacult. Soc. 43, 291–320.
Kaushik, S., Troell, M.,  2010. Taking the ﬁsh-in ﬁsh-out ratio a step further.
Aquacult. Eur. 35, 15–17.
Kiron, V., Phromkunthong, W.,  Huntley, M.,  Archibald, I., De Scheemaker, G., 2012.
Marine microalgae from bioreﬁnery as a potential feed protein source for
Atlantic salmon, common carp and white leg shrimp. Aquacult. Nutr. 18,
521–531.
Kyewalyanga, M.S., 2003. Assessment of types and abundance of live food for ﬁsh
farming in Makoba Earthen Ponds, Zanzibar, Tanzania. West. Indian Ocean J.
Mar. Sci. 2, 45–56.
Le Vay, L., Rodriguez, A., Kamarudin, M.S., Jones, D.A., 1993. Inﬂuence of live and
artiﬁcial diets on tissue composition and trypsin activity in Penaeus japonicus
larvae. Aquaculture 118, 287–297.
Lin, Y.C., Tayag, C.M., Chien-Lun, H., Tsui, W.C., Chen, J.C., 2010. hite shrimp
Litopenaeus vannamei that had received the hot-water extract of Spirulina
platensis showed earlier recovery in immunity and up-regulation of gene
expressions after pH stress. Fish Shellﬁsh Immunol. 29, 1092–1098, http://dx.
doi.org/10.1016/j.fsi.2010.09.00.
Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.S., 1951. Protein measurement
with the folin phenol reagent. J. Biol. Chem. 193, 265–275.
Mahboob, S., Rauf, A., Ashraf, M.,  Sultana, T., Sultana, S., Jabeen, F., Rajoka, M.I.,
Alkaham Al-Balawi, H.F., Al-Ghanim, K.A., 2012. High density growth and
crude protein productivity of a thermo tolerant Chlorella vulgaris: production
kinetics and thermo dynamics. Aquacult. Int. 20, 455–466.Mittal, A., Suresh Kumar, P.V., Banerjee, S., Rao, A.R., Kumar, A., 1999. Modulatory
potential of Spirulina fusiformis on carcinogen metabolizing enzymes in Swiss
albino mice. Phytother. Res. 13, 111–114.
Moore, S., Stein, W.H., 1948. Photometric ninhydrin method for use in the
chromatography of amino acid. J. Biol. Chem. 176, 367–388.
4 acult
M
M
M
N
N
N
N
N
N
N
N
N
N
O
P
P
P
Q
Q
R
R
R
R
R
R
R4 S. Radhakrishnan et al. / Aqu
PEDA(Marine Products Export Development Authority), 2011. The Marine
Products Export Development Authority Annual Report 2011–2012. Ministry
of  commerce and Industry, Govt. of India, Panampilly Avenue, Kochi, India.
ukhopadhyay, N., Ray, A.K., 1999. Effect of fermentation on the nutritive value of
sesame seed meal in the diets for rohu, Labeo rohita (Hamilton), ﬁnger lings.
Aquacult. Nutr. 5, 229–236.
ustafa, M.G., Nakagawa, H., 1995. A review: dietary beneﬁts of algae as an
additive in ﬁsh feed. Israeli J. Aquacult. (Bamidgeh) 47, 155–162.
aas, K.E., Naess, T., Harboe, T., 1992. Enhanced 1st feeding of halibut larvae
(Hippoglossus hippoglossus L.) in green water. Aquaculture 105,
143–156.
air, C.M., Salin, K.R., 2012. Current status and prospects of farming the giant river
prawn Macrobrachium rosenbergii (De Man) and the monsoon river prawn
Macrobrachium malcolmsonii (H.M. Edwards) in India. Aquacult. Res. 43,
999–1014 http://dx.doi.org/10.1111/j1365-2109.2011.03074.x.
akagawa, H., Gomez-Diaz, G., 1995. Usefulness of Spirulina sp. meal as feed
additive for giant freshwater prawn, Macrobrachium rosenbergii. Suisan
Zoshoku 43, 521–526.
andeesha, M.C., De Silva, S.S., Krishnamoorthy, D., Dathathri, K., 1994. Use of
mixed feeding schedules in ﬁsh culture. I. ﬁeld trails on catla, rohu and
common carp. Aquacult. Fish. Manage. 25, 659–670.
andeesha, M.C., Gangadhar, B., Varghese, T.J., Keshavanath, P., 1998. Effect of
feeding Spirulina platensis on the growth, proximate composition and
organoleptic quality of common carp, Cyprinus carpio L. Aquacult. Res. 29,
305–312.
aylor, R.L., Hardy, R.W., Bureau, D.P., Chiu, A., Elliott, M.,  Farrell, A.P., Forster, I.,
Gatlin, D.M., Goldburg, R., Hua, K., Nichols, P.D., 2009. Feeding aquaculture in
an era of ﬁnite resources. Proc. Natl. Acad. Sci. U. S. A. 8, 15103–15110.
ew, M.B., 2005. Freshwater prawn farming: global status: recent research and a
glance at the future. Aquacult. Res. 36, 210–230.
g, W.,  Lim, H., Lim, S., Ibrahim, C., 2002. Nutritive value of palm kernel meal
pretreated with enzyme or fermented with Trichoderma kongii (Oudemans) as
a  dietary ingredient for red hybrid tilapia (Oreochromis sp.). Aquacult. Res. 33,
1199–1207.
RC, 2011. Nutrient Requirements of Fish and Shrimps. National Research Council,
National Academic Press, Washington D. C, 376 pp.
yina-wamwiza, L., Milla, S., Pierrard, M.A., Rurangwa, E., Mandiki, S.N.M.,
VanLook, K.J.W., Kestemont, P., 2012. Partial and total ﬁsh meal replacement
by agricultural products in the diets improve sperm quality in African catﬁsh
(Clarias gariepinus). Theriogenology 77, 184–194.
lvera-Novoa, M.A., Dominguez-Cen, L.J., Olivera-Castillo, L., Martínez-Palacios,
C.A., 1998. Effect of the use of the microalga Spirulina maxima as ﬁshmeal
replacement in diets for tilapia, Oreochromis mossambicus (Peters), fry.
Aquacult. Res. 29, 709–715.
almegiano, G.B., Agradi, E., Forneris, G., Gai, F., Gasco, L., Rigamonti, W.,  Sicuro, B.,
Zoccarato, I., 2005. Spirulina as a nutrient source in diets for growing sturgeon
(Acipenser baeri). Aquacult. Res. 36, 188–195.
atil, V., Kallqvist, T., Olsen, E., Vogt, G., Gislerod, H.R., 2007. Fatty acid composition
of  12 microalgae for possible use in aquaculture feed. Aquacult. Int. 15, 1–9.
etrusewicz, K., Macfadyen, A., 1970. Productivity of Terrestrial Animals: Principles
and Methods. In: (IBP Handbook No. 13). Blackwell Publishing, Oxford, UK.
ureshi, M.A., Garlich, J.D., Kidd, M.T., 1996. Dietary Spirulina platensis enhances
humoral and cell mediated immune functions in chickens. Immunopharmacol.
Immunotoxicol. 18, 465–476.
ureshi, M.A., Kidd, M.T., Ali, R.A., 1995. Spirulina platensis extract enhances
chicken macrophage functions after invitro exposure. J. Nutr. Immunol. 3,
35–45.
adhakrishnan, S., Bhavan, P.S., Seenivasan, C., Muralisankar, T., 2015. Effect of
dietary replacement of ﬁshmeal with Chlorella vulgaris on growth
performance, energy utilization and digestive enzymes in Macrobrachium
rosenbergii postlarvae. Int. J. Fish Aquacult. 7 (5), 62–70.
adhakrishnan, S., Bhavan, P.S., Seenivasan, C., Shanthi, R., Muralisankar, T., 2014.
Replacement of ﬁshmeal with Spirulina platensis, Chlorella vulgaris and Azolla
pinnata on non-enzymatic and enzymatic antioxidants activities of
Macrobrachium rosenbergii.  J. Basic Appl. Zool. http://dx.doi.org/10.1016/j.
jobaz.2013.12.003.
adheyshyam, 2009. Farming the freshwater prawn Macrobrachium malcolmsonii,
Research and farming techniques. Aquacult. Asia Mag., 29–32.
aja, R., Anbazhagan, C., Lakshmi, D., Rengasamy, R., 2004. Nutritional studies on
Dunaliella salina (Volvocales, Chlorophyta) under laboratory conditions. Sea
weed Res. Util. 26, 127–146.
efstie, S., Sahlstrom, S., Brathen, E., Baeverfjord, G., Krogedal, P., 2005. Lactic acid
fermentation eliminates indigestible carbohydrates and anti-nutritional factors
in  soybean meal for Atlantic salmon (Salmo salar). Aquaculture 246, 331–345.eitan, K.I., Rainuzzo, J.R., Oie, G., Olsen, Y., 1993. Nutritional effects of algal
addition in ﬁrst feeding of turbot (Scophthalmus maximus L.) larvae.
Aquaculture 118, 257–275.
oe, J.H., 1955. The determination of sugar and blood and spinal ﬂuid with
anthrone reagent. J. Biol. Chem. 212, 335–343.ure Reports 3 (2016) 35–44
Schlosser, U.G., 1994. SAG-sammlung von algenkulturen at the University of
Gottingen. Catalogue of strains. Bot. Acta 107, 113–186.
Seshadri, C.V., Umesh, B.V., Manoharan, R., 1991. –Carotene studies in Spirulina.
Bioresour. Technol. 38, 111–113.
Sharma, M.K., Ambika, S., Ashok, K., Madhu, K., 2007. Evaluation of protective
efﬁcacy of Spirulina fusiformis against mercury induced nephro-toxicity in
Swiss albino mice. Food Chem. Toxicol. 45, 879–887, http://dx.doi.org/10.
1016/j.fct.2006.11.009.
Sheele, G.A., 1993. Regulation of pancreatic gene expression in response to
hormones and nutritional substrates. In: Go, V.L.W., Gardner, J.D., Brooks, F.P.,
Lebenthal, E., Di Magno, E.P., Sheele, G.A. (Eds.), The Pancreas: Biology,
Pathobiology and Disease. , 2nd ed. Raven Press, New York, pp. 103–120.
Shuli, C., Baoqing, X., 1992. A comparative study on protein content and amino acid
composition of eight species of unicellular marine feed algae. Bull. Mar. Sci. 11,
26–32.
Skrede, G., Storebakken, T., Skrede, A., Sahlstrom, S., Sorensen, M.,  Shearer, K.D.,
Slinde, E., 2002. Lactic acid fermentation of wheat and barley whole meal
ﬂours improves digestibility of nutrients and energy in Atlantic Salmon (Salmo
salar L.) diets. Aquaculture 210, 305–321.
Solorzano, L., 1969. Determination of ammonia in natural waters by the phenol
hypochlorite method. Limnol. Oceanogr. 14, 799–801.
Stott, A.E., Takeuchi, T., Koike, Y., 2004. Performance of a new artiﬁcial abalone
hatchery culture system in terms of settlement of larvae and growth and
survival of post-larvae Haliotis discuss (Reeve). Fish. Sci. 70, 1070–1081.
Tacon, A.G.J., Metian, M., 2008. Global overview on the use of ﬁsh meal and ﬁsh oil
in  industrially compounded aqua feeds: trends and future prospects.
Aquaculture 285, 146–158.
Tacon, A.G.J., Akiyama, D.M., 1997. Feed Ingredients. In: D’Abramo, L.R., Conklin,
D.E.,  Akaiyama, D.M. (Eds.), Crustacean Nutrition. World Aquaculture Society,
Louisiana State University, Baton Rouge, Louisiana, USA, pp. 411–472.
Tacon, A.G.J., Metian, M., 2009. Fishing for feed or ﬁshing for food: increasing
global competition for small pelagic forage ﬁsh. Ambio 38 (6), 294–302.
Tacon, A.G.J., Savas, I.C., 2000. Farm-made aqua feeds. In: Proceedings of the
FAO/AADCP Regional Expert Consultation on Farm-Made Aqua feeds, 14–18
December 1992, Thailand, p. p434.
Takeuchi, T., Lu, J., Yoshizaki, G., Satoh, S., 2002. Effect on the growth and body
composition of juvenile tilapia Oreochromis niloticus fed raw Spirulina. Fish. Sci.
68,  34–40.
Tayag, C.M., Lin, Y.C., Li, C.C., Liou, C.H., Chen, J.C., 2010. Administration of the
hot-water extract of Spirulina platensis enhanced the immune response of
white shrimp Litopenaeus vannamei and its resistance against Vibrato
alginolyticus.  Fish Shellﬁsh Immunol. 28, 764–773.
Teimouri, M.,  Amirkolaie, A.K., Yeganeh, S., 2013. The effects of dietary supplement
of Spirulina platensis on blood carotenoid concentration and ﬁllet color stability
in rainbow trout (Oncorhynchus mykiss). Aquaculture 415, 224–228, http://dx.
doi.org/10.1016/j.aquaculture.2013.08.015.
Tongsiri, S., Mang-Amphan, K., Peerapornpisal, Y., 2010. Effect of replacing
ﬁshmeal with Spirulina on growth, carcass composition and pigment of the
mekonggiant catﬁsh. Asian J. Agricult. Sci. 2, 106–110.
Umesh, N.R., Dathatri, K., Nandeesha, M.C., Gangadhara, B., Varghese, T.J., 1994.
Digestibility of dry matter and protein from Spirulina platensis by common
carp, Cyprinus carpio,  with a note on time of faeces collection in digestibility
estimations. In Fish nutrition Research Asia, De Silva, S.S., (Ed.) Proceedings of
the Fifth Asian Fish Nutrition Workshop, Asian Fisheries Society, Manilla, pp.
81–84.
UNWFC (United Nations World Food Conference), 1975. Report of the World Food
Conference, Rome, 5–16 November 1974. University of Michigan, United
Nations.
Uslu, L., Isik, O., Koc, K., Goksan, T., 2011. The effects of nitrogen deﬁciencies on the
lipid and protein contents of Spirulina platensis. Afr. J. Biotechnol. 10, 386–389.
Vasudhevan, I., James, R., 2011. Effect of optimum Spirulina along with different
levels of vitamin C incorporated diets on growth, reproduction and coloration
in goldﬁsh Carassius auratus (Linnaeus, 1958). Indian J. Fish. 58, 101–106.
Volkman, J.K., Jeffrey, S.W., Nichols, P.D., Rodgers, G.I., Garland, C.D., 1989.
Fattyacid and lipid composition of 10 species of microalgae used in
mariculture. J. Exp. Mar. Biol. Ecol. 128, 219–240.
Vonshak, A., 1986. Laboratory techniques for the cultivation of microalgae. In:
Richmond, A. (Ed.), Hand book of Micro algal Mass Culture. CRC Press,
California, pp. 117–143.
Watanabe, T., Liao, W.,  Takeuchi, T., Yamamoto, H., 1990. Effect of dietary Spirulina
supplement on growth performance and ﬂesh lipids of cultured striped jack. J.
Tokyo Univ. Fish. 77, 231–239.
Yeganeh, S., Teimouri, M., Amirkolaie, A.K., 2015. Dietary effects of Spirulina
platensis on hematological and serum biochemical parameters of rainbow
trout (Oncorhynchus mykiss). Res. Vet. Sci. 101, 84–88 http://dx.doi.org/10.
1016/j.rvsc.2015.06.002.
Yuang, J.P., Chen, F., 2000. Puriﬁcation of trans-astaxanthin from a high-yielding
astaxanthin ester-producing strain of the microalga Haematococcus pluvialis.
Food Chem. 68, 443–448.
